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9. The "noisefi accounted for by both external factors omitted from
the analysis and unexplained sources is not independent from one time
of observation to another, nor can it be reasonably modeled as a first-
order Markov or autoregressive process.  (If it could be so modeled,
then our best prediction of next year's climate would only involve the
present single yearfs data corrected for changes in the included
external factors? in fact, however, averages over many preceding years
prove to be the best climatological estimates.)  Thus, statistical
techniques that are more careful and sophisticated than those for white
noise or first-order autoregression will be required to deal with the
increase of fluctuation energy at lower frequencies.

There is a methodological point that should be made here with regard
to claims to have detected a CC^-induced warming based on a "success-
ful" model fit to the climatological record (e.g., Hansen et al., 1981)
as opposed to the simpler approach of identifying a warming signal
rising above the "noise11 of intrinsic climate variability (e.g.. Madden
and Ramanathan, 1980). Tests of statistical significance are required
in both approaches. However, these tests have usually been made only
in the latter, partly because significance tests for model fits are not
generally to be found in textbooks and, indeed, must be developed
separately for each model type. Until such tests have been devised and
carefully applied, the scientific community will remain skeptical of
claims to have detected with statistical confidence a CC^-induced
signal in a single parameter such as temperature.

Notwithstanding methodological difficulties, earlier detection may
be sought in two ways. First, we may attempt to improve the objectiv-
ity and physical basis of the estimates of external influences on the
past climatic record, thus constraining the range of plausible hypoth-
eses that could be tested. Needs are the following:

1.  Better determination of the natural variability of temperature,
particularly at low frequencies by extending the period of record back
in time through use of proxy records and by distinguishing between
ocean and land records.

2.  Improvement in the accuracy and representativeness of the tem-
perature record through incorporation of marine data and continued
attention to influences such as urbanization.

3.  Better data bases on possible changes in solar output and
atmospheric aerosol loading.

4.  Better reconstruction of the changes in C(>2 concentration over
the last hundred years.

5.  Objective, physically based, and observationally validated
relationships between solar variability, volcanic aerosols, other
possible factors and climate.

A second recently suggested approach is to attempt to isolate a
pattern of changes specifically attributable to increasing C02
concentrations (MacCracken and Moses, 1982) . This approach is
discussed in the following sections of this chapter.